Reactive lipid hydroperoxides formed by lipoxygenases and cyclooxygenases can contribute to disease through cellular oxidative damage. Several selenoproteins have lipid hydroperoxidase activity including glutathione peroxidase 4, thioredoxin reductase, and selenoprotein P (SelP). SelP is an extracellular glycoprotein that functions both in selenium distribution and has antioxidant activity. The major objective of this study was to determine if SelP, at physiological concentrations and in selenium replete media, possessed hydroperoxidase activity directed at lipid hydroperoxides generated from the metabolism of arachidonic acid by 15-lipoxygenase-1 (15-LOX-1). SelP displayed in vitro lipid hydroperoxidase activity of 15-hydroperoxyeicosatetraenoic acid (15-HpETE), attenuated 15-HpETE oxidation in cellular assays, and in a transcellular assay when 15-LOX-1 is metabolically active. These results suggest that SelP can function as an antioxidant enzyme against reactive lipid intermediates formed during inflammation, but SelP has modest activity. Nevertheless, this effect may help protect cells against the oxidative damage induced by these lipid metabolites.
Introduction
A relationship between chronic inflammation and carcinogenesis has been noted in numerous malignancies, including colon cancer and hepatocellular carcinoma [1, 2] . It is believed that leukocytes and other phagocytic cells involved in the inflammatory process may lead to an induction of DNA damage in proliferating cells through the production of reactive oxygen and nitrogen species [3] . Additionally, enzymes expressed during the inflammatory process, including lipoxygenase (LOX) enzymes, have been shown to be upregulated in certain malignancies [4, 5] . Specifically, 15-LOX-1 expression is directly proportional to severity of prostate cancer, as measured by Gleason staging [5, 6] . Membrane lipids released and metabolized during inflammation, such as arachidonic acid (AA), have also been linked to various malignancies, including prostate cancer [7] . 15-LOX-1 can metabolize arachidonic acid to reactive hydroperoxy intermediates, such as 15-hydroperoxyeicosatetraenoic acid , the oxidative precursor of 15hydroxyeicosatetraenoic acid [8, 9] . In addition, end products of lipid peroxidation have been implicated as being mutagenic [10] , further contributing to evidence that inflammation may result in carcinogenesis through its ability to increase the oxidative tone of the cellular environment.
Cells possess several enzymes that can reduce lipid peroxides. Multiple selenoenzymes are specifically involved in the reduction of oxidized lipids. Glutathione peroxidase 4 (GPx4, also called phospholipid hydroperoxide GPx, or PHGPX) is an essential selenoenzyme that is associated with protection from lipid hydroperoxides [11] . Thioredoxin reductase (TR1) can also reduce some oxidized lipids [12] , as well as indirectly modulate lipid peroxides through the reduction of peroxiredoxins [13] . The role of selenoprotein P (SelP) as a lipid hydroperoxidase is still being elucidated. SelP is one of two selenoproteins primarily found in the extracellular environment, with glutathione peroxidase 3 being the other [14, 15] , and one function is in selenium distribution [16, 17] . As opposed to GPx4 and TR1, mice with the SelP gene deleted are viable but they display altered selenium distribution [17, 18] . Besides the selenium distribution function, evidence from the literature also suggests an antioxidant function of SelP. This protein has been attributed to protecting rats against diquat-induced liver toxicity through a decrease in lipid peroxidation [19] . Depletion of SelP from plasma enhances plasma protein oxidation mediated by peroxynitrite-induced oxidation and nitration [20] . In addition, SelP protects low-density lipoproteins from peroxidation [21] . It is not clear if these in vivo antioxidant results are due to direct action of SelP or if they are related to selenium redistribution and the antioxidant activity of other selenoenzymes. In a cell-free in vitro system, SelP has been shown to reduce phospholipid hydroperoxide to a greater extent than other reactive oxygen species, including hydrogen peroxide and tert-butyl hydroperoxide (t-BHP) [22] .
These data suggest that an enzymatic activity of SelP may be specific for lipid-derived substrates, as opposed to other sources of reactive oxygen stress. The purpose of this study was to determine if SelP displayed lipid hydroperoxidase activity directed at 15-LOX-1generated metabolites under selenium replete conditions with physiological levels of SelP. Herein, we report on the ability of SelP to reduce 15-HpETE, and to protect human embryonic kidney (HEK-293) cells from oxidation. Furthermore, SelP was capable of protecting a target cell population from oxidation produced by cells engineered with inducible 15-LOX-1 that were provided arachidonic acid substrate. The evidence presented suggests SelP may play a modest role in reducing lipid hydroperoxides following membrane lipid metabolism, which could serve to protect the cells from the toxic effects of chronic inflammation.
Materials and Methods

Materials
The HEK-293 cell line was purchased from American Type Culture Collection. Advanced DMEM, CD-293, and zeocin were purchased from Invitrogen. Ponasterone A was purchased from A.G. Scientific. Arachidonic acid was purchased from NuCheck Prep. E. coli thioredoxin, E. coli thioredoxin reductase, and tert-butyl hydroperoxide were purchased from Sigma-Aldrich. Purified 15-HpETE and 15-HETE, were purchased from Cayman, as was the 15-HETE enzyme immunoassay and anti-GPx4 antibody. Rat selenoprotein P and antibody were a gift from Drs. Kris Hill and Raymond Burk, Vanderbilt University. Monoclonal antibodies directed against thioredoxin reductase (B-2, sc-28321, lot# J1304); donkey polyclonal anti-mouse and anti-rabbit antibodies conjugated with horseradish peroxidase were purchased from Santa Cruz Biotechnology. Diphenylpyrenylphosphin (DPPP) was purchased from Dojindo Molecular Technologies.
Cell Culture
Unless otherwise noted, the human embryonic kidney line HEK-293, as well as all subsequently engineered cells, were cultured in Advanced DMEM medium containing 2% fetal bovine serum and 2mM L-glutamine. Cells were maintained at 37°C in a humidified incubator with 5% CO 2 . Advanced DMEM is supplemented with 5 μg/l sodium selenite (NaSeO 3 ) and the serum contained 37 ng/ml selenium. Therefore, even with only 2% serum, the selenite content of this media results in selenium sufficient media as determined by the plateau of glutathione peroxidase 1 activity (a measure of selenoenzyme synthesis) [23] [24] [25] .
Conditional Expression of 15-LOX-1
pVgEcR (Invitrogen) encodes the fusion transcription factor used to generate ecdysoneinducible cells. HEK-293 were transfected with pVgEcR and selected for Zeocin resistance to generate stable expression of the VgEcR gene product and are referred to as 293-EcR. 293-EcR cells that conditionally express 15-LOX-1 were used as previously described [26, 27] .
Preparation and Purification of 1-Palmitoyl-2-(13-hydroperoxy-cis-9,trans-11octdecadienoyl) Phosphatidylcholine (PLPC-OOH)
PLPC-OOH was prepared and quantified as previously described [22] . Briefly, PLPC was oxidized with soybean lipoxidase and resulting PLPC-OOH was extracted with ethyl acetate. The ethyl acetate extract was evaporated, dissolved in methanol, and PLPC-OOH was purified by HPLC. PLPC-OOH was dissolved in methanol and stored at −20°C.
Biochemical Enzyme Assay
A NADPH-coupled reaction was used to assess the ability of SelP to reduce various lipid substrates similar to assays previously published [28] . Lipid substrates tested in the assay included 10 μM 15-HETE, 10 μM 15-HpETE, 100 μM tert-butyl hydroperoxide, and 60 μM PLPC-OOH. The assay was run in a 384 well UV transparent clear bottom plate. Reaction mixtures contained 0.1M Tris-HCl, pH 7.4, 0.24 mM NADPH, 1mM EDTA, 0.025% Triton-X-100/0.3% sodium deoxycholate, ~0.1 Units E. coli thioredoxin reductase, 3.2 μg rat SelP, and appropriate lipid substrate aliquots. After a 10 min incubation at 25°C, the reaction was initiated by the addition of 6.66 μM E. coli thioredoxin to the sample wells. In control experiments, reactions mixtures without rat SelP or E. coli thioredoxin were used to evaluate the spontaneous reaction rates. The oxidation of NADPH was measured by monitoring the absorbance at 340 nm (A 340 ) for ~500 sec.
Enrichment of Selenoprotein P
Increased transcription and translation of SelP has previously been observed in 293-EcR cells treated with the ecydsone analog ponasterone A (PonA) [29] . 293-EcR cells were maintained in serum-free CD-293 cell culture medium supplemented with 2mM Lglutamine, 1 μM sodium selenite and 10 μM PonA. After 3 days, supernatant was collected from the cells following centrifugation at 250 × g for 5 minutes. The supernatant was concentrated ~20 fold using a Centricon Plus-70 centrifugal filter (Millipore) with a 30-kDa cutoff membrane. This concentrated media retains SelP, and was used in our experiments to evaluate antioxidant properties of SelP. As a control, supernatant was collected and concentrated from vehicle (EtOH) treated 293-EcR cells.
Inductively coupled plasma (ICP) spectrometry (Perkin Elmer Optima 3100 XL) was used to determine the Se content in the concentrated cell culture media. The instrument was calibrated using SPEX CertiPrep Laboratory Performance Check Standard 1 (Metuchen, NJ). The results were collected in ppm using WinLab32 for ICP software (v. 3.4.0.0253) and then converted to Se concentration. The difference in selenium content between the PonA and control supernatants was used to calculate SelP concentration based on the assumption that there are ten selenium atoms per molecule of SelP. Protein expression of SelP, GPx4, and TR1 was verified by immunoblotting. The supernatant collected from PonA-treated cells was referred to as (+) SelP, while that collected from EtOH-treated cells was referred to as (−) SelP.
Measurement of Lipid Hydroperoxides
Lipid hydroperoxides were measured using diphenylpyrenylphosphin (DPPP), a molecular probe that becomes fluorescent upon oxidation by lipid hydroperoxides [30] . HEK-293 cells were plated on a 384-well tissue culture plate at a concentration of 18,000 cells/well. Cells were labeled with 100 μM DPPP or DMSO control and were incubated overnight. Cells were supplemented with (+) SelP supernatant at a concentration of ~ 47 nM (a 1:6 dilution from the concentrated stock media) SelP. An equivalent amount of (−) SelP concentrated supernatant was also tested, as was 100 nM sodium selenite, and selenium sufficient blank control medium containing 5 μg/l selenium selenite. Immediately following the addition of these supplements, cells were treated with 0-100 μM 15-HpETE, 30 μM 15-HETE or EtOH control. Because some variability in results were observed between batches of the hydroperoxy lipids purchased from Cayman, all reported results were tested from the same batch number of 15-HpETE (13250-6) or 15-HETE (156030-19) . Fluorescent intensities following excitation at 351 nm were measured at the emission wavelength of 380 nm with a Perkin-Elmer Victor 3 V plate reader.
Enzyme Immunoassay
EcR-15-LOX cells were seeded on a 24-well plate at a concentration of 1 ×10 5 cells/well. After 24 hours culture medium was changed to serum-free CD293 supplemented with 2 mM L-glutamine and 0.1% ovalbumin. Cells were treated with 10 μM PonA for 24 hours, followed by a 2 hour treatment with 60 μM arachidonic acid. Vehicle treatment with EtOH served as controls for both treatment conditions. Culture medium was collected and 15(S)-HETE levels were measured by enzyme immunoassay according to the manufacturer's instructions.
Immunoblotting
Following collection of culture medium for enzyme immunoassay evaluation, EcR-15-LOX cells were resuspended in lysis buffer, sonicated at 4°C, centrifuged at 14,000 rpm for 10 minutes, and supernatant was collected. For EcR-15-LOX samples, 5 μg of the supernatant protein was separated by SDS-PAGE. For enriched supernatant samples collected from 293-EcR cells, 15 μl of the sample was separated by SDS-PAGE. Following separation, proteins were transferred to a nitrocellulose membrane and membranes were probed for 15-LOX-1 (Cayman Chemical, Ann Arbor, MI), SelP (gift from Kris Hill & Raymond Burk), GPx4 (Cayman Chemical Company), or TR1 (Santa Cruz Biotechnology). A peroxidase conjugated secondary antibody was used to detect chemiluminescence indicative of protein expression. Positive controls for GPx4 and TR1 expression included 30 μg mouse testicular lysate and 10 μg HEK-293 cell lysate, respectively.
Transcellular Assay
EcR-15-LOX cells were plated in a 384-well tissue culture plate at 6,000 cells/well. Cells were treated with 10 μM PonA and incubated overnight. HEK-293 cells were grown in 25cm 2 flasks in serum-free CD-293 cell culture medium supplemented with 2mM Lglutamine and 0.1% ovalbumin. These cells were labeled with 100 μM DPPP or DMSO control. After 24 hours, DPPP-labeled HEK-293 cells, or unlabeled controls, were added into the wells with the EcR-15-LOX cells at a concentration of 18,000 cells/well. Cells were allowed to recover for 1 hour prior to the addition of (+) SelP at ~ 47 nM SelP or (−) SelP control supernatant. Immediately following the addition of the concentrated supernatant, cells were treated with 60 μM arachidonic acid. Vehicle treatment with EtOH served as controls for both ponasterone A and arachidonic acid treatments. Thirty minutes after arachidonic acid addition, fluorescent intensities were measured with a Perkin-Elmer Victor 3 V plate reader as described above.
Statistical Analysis
GraphPad Instat, version 3.06, was used to evaluate the statistical significance of the results. Statistical significance was determined by one-way ANOVA with Bonferroni multiple comparison post hoc tests, and differences were considered significant for p<0.05.
Results
The ability of SelP to reduce PLPC-OOH through a NADPH-coupled biochemical assay has been described previously [22, 28] . Similar methods were followed to test the ability of SelP to reduce 15-HpETE and 15-HETE. Because 15-HpETE was previously shown to inhibit that activity of mammalian TR1 [27] , E. coli, rather than mammalian, thioredoxin reductase and thioredoxin were used in this assay. In experiments with the 15-LOX-1 metabolites, we were unable to demonstrate TR-activity inhibition at 30 μM (data not shown). NADPH oxidation was used as an indirect measure of the hydroperoxidase activity of SelP. Nonenzymatic NADPH oxidation rates were observed when thioredoxin was not added to the reaction mixtures and did not show substrate selectivity. NADPH oxidation when SelP was not added to the reaction mixtures reflects activity by the E. coli thioredoxin system and we did observe substrate preferences for t-BHP and 15-HpETE. However, with complete reaction mixtures, the PLPC-OOH was the best substrate as measured by the most NADPH oxidation (Figure 1 ). 15-HpETE was the next best substrate, with ~70% of the activity observed with the PLPC-OOH substrate. However, ~50% of that activity may be contributed by the thioredoxin system coupled in this reaction. Essentially no selective SelP activity was observed for 15-HETE and t-BHP.
Since we did observe SelP-mediated activity, we next worked to determine whether the activity of SelP observed in the biochemical assay could be translated to a cell-based system. SelP was derived from the supernatant of ponasterone A treated 293-EcR cells. Transcription and translation of SelP has previously been shown to increase in these cells when the VgEcR gene expression system is activated by ponasterone A [29] . Microarray results do not support changes in the expression of other selenoproteins under these conditions (data not shown); therefore, SelP is the only selenoprotein expected to be enriched in the concentrated supernatant collected from these cells.
Selenium content of concentrated supernatant was determined by ICP spectrometry. Increased selenium content was observed in the (+) SelP supernatant versus (−) SelP (0.285 ppm vs. 0.066 ppm). The SelP content in these media were confirmed by immunoblotting, which showed considerable SelP expression in (+) SelP supernatant, but minimal SelP (generally <5% of the induced media) in the (−) SelP supernatant. Equal levels of TR1 were observed between the (+) SelP and (−) SelP samples and GPx4 expression was not observed in either sample ( Figure 2 ). The (−) SelP concentrated media selenium content was comparable to the background level of selenium measured in the CD-293 media when it was not concentrated, suggesting that the TR1 did not contribute significant selenium to the concentrated media (data not shown). Using the difference in selenium content between the two supernatants, as well as the assumption of ten selenium atoms per molecule of SelP [31] , the (+) SelP supernatant was calculated to have a concentration ~280nM or about 5-6 fold the normal SelP concentration of selenium replete plasma [32] . While two immunoreactive bands of SelP were identified (Figure 2 ), densitometric analysis of these bands revealed that >93% of the SelP was found in the major band, and therefore, we did not adjust the calculation due to the minor band. The minor band is likely SelP terminated at a Sec codon (UGA) and therefore does not contributed 10 Se atoms and the SelP concentration in the concentrated media could be ~300 nM including truncated forms.
A fluorescent-based assay (DPPP) was used to detect lipid hydroperoxide levels following exposure of HEK-293 cells to the reactive lipid metabolite 15-HpETE. With cells grown in selenium sufficient medium, the cellular oxidation was evaluated from 0-240 min. Under all treatment conditions, cellular oxidation reaches its maximum after approximately 25-30 minutes of 30 μM 15-HpETE exposure. SelP enriched media consistently demonstrated a reduction of cellular oxidation over this time course ( Figure 3A) . Addition of 15-HpETE resulted in a dose-dependent increase in DPPP fluorescence and the cells with SelP enriched media demonstrated significant protection from oxidation at between 10 to 100 μM 15-HpETE ( Figure 3B ). The addition of SelP reduced relative DPPP fluorescence compared to both standard (blank) medium and (−) SelP controls (~12% and ~7% reduction, respectively). Since some studies, with viability as an outcome, have shown that both SelP and 100 nM sodium selenite can improve viability following oxidative stress [33, 34] , the effect of selenium supplementation with 100 nM sodium selenite was also tested in this assay. However in this case, the addition of sodium selenite exerted an oxidative effect, as evidenced by an increase in relative DPPP fluorescence as compared to standard (identified as blank) control medium following 15-HpETE addition. In addition, no increase in DPPP fluorescence was observed following treatment with 30 μM of the less oxidative 15-HETE lipid metabolite ( Figure 3B ).
To determine if SelP could protect cells from oxidation following 15-LOX-1 catalysis of arachidonate, overexpression of 15-LOX-1 was achieved using an ecdysone-inducible gene expression system ( Figure 4A ). While possible that upregulation of SelP expression by this ecdysone-inducible system could confound results of this experiment, this was likely a minor effect as the culture media of these cells remained non-concentrated. This hypothesis is supported by the results of the pharmacological DPPP assay, which showed that an ~20fold concentration of (+) SelP supernatant was required in order to see modest reductions in lipid hydroperoxides levels. Following addition of arachidonic acid, the enzymatic activity of 15-LOX-1 was confirmed through detection of 15-HETE by enzyme immunoassay. Production of the metabolite increased significantly following treatment of cells with the combination of ponasterone A and arachidonic acid, but was observed at only a minimal level under control conditions ( Figure 4B ). DPPP was used to detect lipid hydroperoxides following arachidonic acid metabolism by this system. A transcellular assay in which DPPPlabeled HEK-293 cells were added onto EcR-15-LOX cells allowed for the measurement of lipid hydroperoxides in cells distant from those that were responsible for metabolizing arachidonic acid. Requiring lipid metabolites to move through the extracellular environment prior to acting on DPPP-labeled cells, the ability of the predominantly extracellular SelP to reduce the reactivity of these metabolites was able to be evaluated. DPPP fluorescence of the HEK-293 cells increased following treatment of EcR-15-LOX cells with the combination of ponasterone A and arachidonic acid as compared to control conditions ( Figure 4C 
Discussion
The health effects of selenium have been studied in multiple disease states, including cancer, cardiovascular disease, and inflammatory conditions [35] [36] [37] [38] [39] [40] . Benefits of supplemental selenium intake are believed to be due to antioxidant activity of selenoenzymes [41] [42] [43] ; proteins capable of redox reactions through selenium atoms incorporated as the amino acid selenocysteine [44] [45] [46] . Many of the selenium-based health claims have been muted by recent clinical data. Specifically, the anti-cancer benefit from selenium appears to exist only for individuals with low serum selenium levels [47] . Earlier dietary supplementation studies demonstrated a decrease of cancer incidence that was most pronounced in individuals with lower serum selenium levels [36] . Additionally, serum selenium levels have been shown to be inversely correlated to the incidence of certain cancers [37, 38, 48] . Recent results of the Selenium and Vitamin E Trial (SELECT) did not support the utility of supplemental selenomethionine in prostate cancer prevention in selenium sufficient individuals [49] . Still, the antioxidant activity of selenoenzymes are likely important in human health.
While protection against oxidative injury by the glutathione peroxidases have been extensively characterized [50, 51] , the antioxidant activity of SelP is less well characterized. Biochemical data has supported a role for SelP as a phospholipid hydroperoxidase [22, 28] . However, the reducing capacity of SelP in this assay was measured to be two orders of magnitude lower than activity observed by GPx4 [52] , suggesting that the contribution of SelP as an antioxidant protein might be minimal as compared to other selenoproteins. The modest activity we observed suggest that the lipid hydroperoxidase activity of SelP may not even be enzymatic in vivo. The Sec amino acids are nucleophilic, and therefore, the modest lipid hydroperoxide protection documented could be non-enzymatic reactivity of these amino acids. Our use of sodium selenite was intended to control for non-specific Se-based antioxidant activity but the reduction of the selenite was oxidative in the timeframe of our experiments (Figure 3 ).
This study is the first, to our knowledge, to attempt to directly link SelP and the reduction of lipid hydroperoxides derived from 15-LOX-1 catalysis. This study extends work that demonstrated that selenium supplementation of endothelial cells produce significantly higher 15-HETE to 15-HpETE ratios, while selenium deficiency increased oxidation of arachidonic acid to 15-HpETE [53] . The SelP lipid hydroperoxidase activity likely extends to other lipoxygenase metabolites like 5-HpETE and 12-HpETE. The first assessment of SelP lipid hydroperoxidase activity utilized PLPC-OOH (and used herein as a control); a product of soybean lipoxygenase activity on the phospholipid substrate. Therefore, we do not expect region-specificity in the lipoxygenase reaction to be a major determinant in the SelP-mediated hydroperoxidase activity. Since the region-specific LOX enzymes have distinct roles during inflammation, e.g. 5-LOX metabolites are generally proinflammatory while 12/15-LOX metabolites are considered anti-inflammatory [54] , the reductive activity of SelP may not have uniform activity during inflammation. However, the SelP activity appears to be distinct from, and considerably more modest when compared to the GPx4 modulation of lipoxygenase pathways involved in cell death [55] . Additional evidence supporting a lipid hydroperoxidase function of SelP in a cell-based system includes a study where lipid hydroperoxides are increased in myofibroblasts when SelP expression is knocked down [56] . Loss of SelP also led to apoptosis and decreased cell viability through activation of c-Jun N-terminal kinases in this model. In endothelial cells and astrocytes, SelP has been shown to protect against t-BHP-induced cytotoxicity when cells were maintained in selenium deficient medium [33, 34] . SelP protected against cell death to the same extent as selenium supplementation with 100 nM sodium selenite and this effect was attributed to increased expression and activity of cytosolic glutathione peroxidase. Both SelP and sodium selenite increased this antioxidant protein, and the use of a glutathione peroxidase specific inhibitor, counteracted SelP-mediated cytoprotection. While these results show antioxidant protection of cells by SelP during selenium deficiency, the results may simply reflect selenium distribution or non-enzymatic reactivity of the lipid reactive species with Sec moieties contained within SelP. There is little published data that delineates whether this function carries over to conditions where selenium is available at physiological sufficient levels.
Here it is shown that when HEK-293 cells were maintained in selenium sufficient medium, 47 nM SelP reduced lipid hydroperoxide-dependent oxidation following exposure of the cells to 15-HpETE. This SelP concentration is considerably higher than that required to protect endothelial cells (0.6 nM) or astrocytes (2 nM) from the oxidative damage of t-BHP [33, 34] . The normal physiological concentration of SelP in selenium replete human serum is estimated at 50 nM [32] . A decrease to less than 5% of selenium-replete values has been observed in animals with severe selenium deficiency [57, 58] . This suggests that the discrepancy in SelP concentration required to exert antioxidant effects may be related to whether cells are maintained under selenium sufficient or deficient conditions.
The results presented here also show that reduction of lipid hydroperoxides in HEK-293 cells was achieved when SelP and 15-HpETE were added concurrently. In addition, short term treatment with sodium selenite lead to increased oxidative tone in the cells, as reflected by an increase in lipid hydroperoxides following simultaneous addition of sodium selenite and 15-HpETE. Protection of endothelial cells and astrocytes against t-BHP-induced cytotoxicity required pre-incubation with SelP or sodium selenite and no protection was observed in endothelial cells if SelP and t-BHP were added simultaneously [33, 34] . This delayed effect would account for the time required to synthesize cytosolic glutathione peroxidase, the enzyme ultimately responsible for SelP-mediated protection in this model. The reduction of lipid hydroperoxides that was observed following short term treatment with SelP likely represents direct enzymatic activity of the protein, rather than a genomic effect requiring the transcription and translation of secondary genes such as glutathione peroxidase.
The cellular protection from oxidation by lipid hydroperoxides afforded by SelP observed in this study, while significant, was modest (only a 7-12% reduction as compared to control conditions). This level of antioxidant activity by SelP could be a consequence of the extracellular localization of this protein. Intracellular reduced glutathione protects endothelial cells against 15-HpETE-induced cell injury and stimulates the conversion of 15-HpETE to 15-HETE [59] . Specifically, phospholipid hydroperoxide glutathione peroxidase has been shown to reduce the hydroperoxy ester lipids formed by 15-LOX-1 metabolism [60] and is capable of inhibiting the activity of lipoxygenase enzymes [61] . If intracellular selenoproteins including glutathione peroxidases are the primary source of antioxidant defense against the products of lipid metabolism, it is possible that the reactivity of these metabolites is minimized prior to reaching the extracellular environment, therefore reducing the need for SelP to act as a detoxifying protein. As GPx4 expression was not observed in the concentrated supernatants, this protein is not believed to be involved in the antioxidant protection conferred by the SelP enriched culture medium. Additionally, because the enzymatic activity of mammalian TR1 is inhibited by 15-HpETE [27] and equal levels of TR1 expression were observed between the (+) SelP and (−) SelP supernatants, it unlikely that this protein is involved in the activity attributed to (+) SelP medium.
In conclusion, SelP has been shown to reduce lipid hydroperoxide-dependent oxidation in HEK-293 cells after exposure to 15-HpETE. This was observed following pharmacological treatment with the metabolite, as well as endogenous production through ecdysone-inducible expression of 15-LOX-1. These results provide evidence that the lipid hydroperoxidase activity of SelP initially observed in biochemical assays may also occur in a cell-based model of 15-LOX-1 catalyzed arachidonic acid metabolism. By reducing lipid hydroperoxides following cell membrane metabolism, SelP may serve to decrease oxidative tone of tissues under inflammatory conditions. This could provide protection against the toxic effects of lipid peroxidation, leading to a decrease in DNA damage and mutations and potentially contributing to any anti-carcinogenic effects of selenium supplementation. The modest antioxidant effects observed in our cellular and transcellular experiments suggest that the selenium distribution function of SelP is more consistent with its primary function compared to lipid hydroperoxidase activity. Lipid hydroperoxidase activity as measured in a NADPH-coupled reaction. NADPH oxidation was measured in each reaction mixture base, described in the Methods, with t-BHP, 15-HETE, 15-HpETE, or PLPC-OOH as potential substrates as well as the vehicle control (DMSO). Each substrate was tested with a complete reaction mixture, or mixtures lacking either SelP or Trx. The SelP activity in the complete reaction mixtures with the 15-HpETE and PLPC-OOH substrates were significantly different from the other conditions (***, p<0.001). The NADPH oxidation was increased with t-BHP and 15-HpETE substrates in the mixtures without SelP (-SelP) above the conditions ( † † †, p<0.001) indicating that the E. coli thioredoxin system utilized had background activity on these substrates independent of SelP. Assessment of selenium and SelP content in concentrated media. Left: ICP analysis of selenium content in media samples; (+) SelP represents media from cells induced to express SelP by ponasterone A while (−) SelP represents media from cells treated with EtOH (vehicle control). The selenium difference between these concentrated media is highly significant (***, p<0.001). Right: Immunoblot analysis for SelP, TR1 and GPx4 in these media samples. The control for TR1 is 10 μg of HEK293 cell lysate, and the control for GPx4 is 30 μg of mouse testicular lysate. 
